Number 8 on your Feedback card

The “Simplest Transverter”

Check out the 6 meter band with this
inexpensive 2 meter interface.

nterested in trying a new band at mini-

mum expense? Here's a receiving and
transmitting converter (transverter) that re-
quires no operating power (other than local
oscillator DC) or T/R swilching for opera-
tion, and will provide a minimum communi-
cations capability for checking out a new
band such as 6 meters using a 2 meter
transceiver.

While checking out the latest Mini-Cir-
cuits Labs catalog I was impressed by a new
family of low-cost, high-level double-bal-
anced mixers (DBMs): TUF-1H, TUF-2H
and TUF-3H. With this in mind I decided 10
see how simple a transverter could be made.
To simplify the design, | selected operation
using the 6 and 2 meter bands and a 90 MHz
LO. The high level DBM provides a useful
output power level even though it is still on
the low side (but not as low as the output of
a standard level DBM, which is approxi-
mately 20 times lower). In addition, the
transverter will work with FM, SSB and CW
modes.

What is it? Well it really is nothing more
than a high-level double-balanced mixer
(DBM) with an attenuator on the transceiver
side. an output low-pass filter on the antenna
side. and a local oscillator (see Figure 1).

As mentioned before, this approach is
practical because the high-level DBM’s lin-
ear power capability goes all the way to 25
milliwatts. Without the need for any addi-
tional power (other than the local oscillator)
you can get an output that is approximately
5 milliwatis—the actual power depends on a
variety of factors. Measured transverter out-
put using a HP 431D power meter was 5.1
milliwatts at 52.29 MHz. The other mixer
characteristic that makes the simplest
transverter possible is the DBM's bidirec-
tional capability: The RF and IF ports can be
interchanged, allowing mixer operation to
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occur in either direction.

Five milliwatts—you’ve got 1o be kid-
ding! Now, before you laugh too much about
that power level, consider that one well-
known popular 2 meter hand-held transceiv-
er has a 100 milliwatt low power position
(one new 2 meter transceiver even has a 20
milliwatt position!) and that when used with
the normally supplied inefficient “rubber-
duck” antenna, which typically has any-
where from a 6 to 10 dB loss factor relative
to a dipole, the resulting radiated power
could be on the order of 10 to 25 milli-
watts—only several dB higher than 5 milli-
watts. In addition, since the free-space line-
of-sight path loss at 53 MHz is approximate-
ly 9 dB less than the loss at 146 MHz, if that
5 milliwatts is connected to a dipole or bet-
ler equivalent antenna, communications sim-
ilar 1o low power 2 meter hand-held opera-
tion is possible. This power level should
make the FCC happy!

Receive Performance

If the transverter is used with a 2 meter
transceiver with a 500 mW low power out-
put, a 13 dB attenuator is needed on the in-
put to limit the power to the linear operating
range of the DBM. In this case, the total loss
during receive is the conversion loss of the
DBM—7 dB, plus the 13 dB loss of the at-
tenuator pad for a total loss of 20 dB—
equivalent to reducing the signal to 1/10 of
its value. If your 2 meter receiver sensitivity
is 0.2 uV then a 20 dB loss in front of the re-
ceiver will be equivalent to using a 2.0 pV
receiver—which is not really all that bad
considering the stations you can work using
a S-milliwatter!

In actual practice I've had QSOs on sim-
plex and through several local 6 meter re-
peaters using only 2

mately half as much power! In all honesty,
my signal was noisy, but it was fully intelli-
gible.

My antenna is a Cusheraft Ringo at 25
feet, fed through about 30 feet of RG-8/U.
Considering the simplicity of the transverter,
the performance was surprising! If you oper-
ate CW or SSB, greater performance will be
obtained. Figure 2 shows the transverter
losses during transmit and receive.

How It Works

Receive: During receive, 6 meter antenna
signals are connected via the low-pass filter
to the DBM, where they are mixed with the
90 MHz local oscillator injection. The
transverter acts as a typical receive convert-
er. The local oscillator’s output passes
through the input attenuator to the 2 meter
rig.

Transmir: The 2 meter rig's low power
ransmit signal is fed through the attenuator,
where it is reduced to a level acceptable to
the DBM and passed to the DBM. The 2 me-
ter signal is mixed in the DBM with the 90
MHz LO creating outputs in the 6 meter
band and in the 230 MHz region. The output
of the DBM is connected to the low-pass fil-
ter, which passes the 6 meter signal and at-
tenuates the 230 MHz output and any 2 me-
ter and local oscillator signal feed-through.

Detailed Operation Description

The following sections provide a detailed
description of the transverter's operation and
refer 1o Figure 3, the schematic diagram.

Input Atrenuator: The input attenuator of
the transverter was designed for a 1/2 watt 2
meter power level, using approximate resis-
tor values from the ARRL Handbook's 50
ohm resistive attenuator table, to provide ap-

milliwatts—approxi-
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Figure 1. Simplest Transverter diagram.
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Figure 2. Transverter section loss diagram,
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Many ATV repeaters and individuals are retransmitting
Space Shuttle Video & Audio from their TVRO's tuned to
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mitting weather radar during significant storms. K itis
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Programmable Features
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have downconverters and antennas for the 900 and
1200 MHz amateur bands. In fact we are your one stop
for all your ATV needs and info. Hams, call for our
complete ATV catalog - antennas, transceivers, amplifi-
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ADIO InTropucING THE ERA MICROREADER

Britain's Most Popular Self Contained
P P LI CATI 0 N S Decoder Is Now Available Here
|N c In The USA!

@SS Price
s e

r' he ERA Microreader is a compact, self contained de-} (No computer or other equipment needed. A

coder that works without computers, programs or any || » Easy to use;works even with simple rigs.

I special interfaces. Simply patch into the speaker line and || « Decodes hand or machine CW 5-60 wpm,
(‘turn on. There's no computer hash to hide the weaker signals, and what's more, the || « RTTY 45/50/75/100 Auto Baud 170/425/

Micreoreader works even with simple homebrew equipment and in the smallest of shacks. 850 shifts

The Microreader's performance stems from careful filter design and a fast processor that || » Amtor, FEC (Sitor B) Naviex.

performs digital noise blanking, synchronous sampling, error correction, auto Baud trate || « Code tutor for both send and receive.
etc. For CW there's even a real time text editor to correct mistakes made by the sender. || « RS232 serial communications port.

The Microreader has its own sixteen character scrolling display, bargraph tuning and shift TO ORDER CALL TOLL FREE
indicators. decoded messages can be transferred to your computer or serial printer via the

built-in RS232 port. 1-800-925-4735

The code tutor facility in the Microreader is renowned as one of the best and allows both || For Information call 704-543-4766
send and receive practice. Full conirol of speed, spacing and text type is provided, and an || Enterprise Radio Applications Inc
“auto repeat allows you to check the results. or, just plug in your key and see what your || PO Box 3144

\ sending is really like! _J\Charlotte NC 28210 j{)
e
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Figure 3. Simplest Transverter schematic.

proximately 13 dB of attenuation. This re-
duces the 1/2 watt to the recommended max-
imum linear rated input of the DBM, 25
mW. The input and output sections of the at-
tenuator are made up of two parallcled 150
ohm 1/2 watt resistors.

Mixer: As mentioned before, the transvert-
er takes advantage of the DBM's bidirectional
performance characteristic. The DBM’s ports
are maiched to the appropriate frequency range
sections of the transverter. The IF or lowest
frequency port (Pin 2) is used as the 6 meter
port. The LO output is connected to the “LO"
port (Pin 4 ) and the 2 meter side is connected
1o the “RF” port (Pin 1). Pin 3 of the DBM is
connected to case ground and does not need a
separate connection if the case is grounded.

Local Oscillator: The 90 MHz local oscilla-
tor circuit is adapted from the July 1989 QST
article, “A Clean, Low-Cost Microwave Local
Oscillator,” by Richard Campbell. Mini-Cir-
cuits Labs MAR-4 and MAV-11 MIMICs are
used 1o provide the +14 to +17 dBm injection
needed for high-level DBM operation. The cir-
cuit will “free” oscillate with a 47k resistor in
place of the crystal and L2. This can be used to
get the oscillator L1 and C1 components on

frequency to insure crystal oscillation. L1 is
non-critical. One approach is lo experiment
until you get a coil that gives you the desired
frequency oscillation range when tuned with
C1. When the free-run frequency tuning range
covers the crystal frequency, remove the 47k
resistor and install L2 and the crystal, then ad-
just C1 for reliable starting and fine frequency
trimming.

Local Oscillator Frequency Selection

FM & Repeater Band Segment Operation:
A 90 MHz 5th over-

Figure 4. Approximate layout of mixer/filter board (not to scale).

not make this range, | would recommend using
a 93 MHz crystal. This will convert the active
6 meter repeater output section of the band
(usually the lower half of the 53.01 1o 53.97
MHz range) to the repeater input/simplex sec-
tion of the 146 to 147 MHz band.

CW & SSB Band Segment Operation: Oper-
ating the Simplest Transverter with a 94 MHz
oscillator will translate 144 MHz to 50 MHz
for weak signal work but would convert the 6
meter repeater outputs to the low end of the
147 to 148 MHz range—the repeater output
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range for 53 to 54
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Figure 6. Upgraded Simplest Transverter diagram.
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Figure 5. Approximate layout of the local oscillator board (not to scale).
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Figure 8. Pin identification of the MAV-11 and MAR-4 MMICs.



section of the 2 meter band, Local 2 meter re-
peater signals are often strong enough that
some bleed-through is noted during base oper-
ation with an outside antenna if you use this
frequency plan.

Output Filter: Because of the translator’s
frequency plan and the low output power level,
filtering requirements are not severe, The 6
meter side of the DBM is connecied 10 a five-
section low-pass filter (L5, L6 C22, C23 and
C24) whose values were selected from the
five-clement low-pass filter table in the ARRL
Handbook, targeted at a 3 dB corner at 60
MHz with 20 dB attenuation at 83 MHz and 40
dB at 125 MHz.

Construction, Check-Out and Operation

The Simplest Transverter was constructed in
two parts to simplify assembly and check-
out—the input attenuator/DBM/output low-
pass filter and the local oscillator. Both were
assembled by gluing small pieces of single-sid-
ed board material, cut to the size required for
the connection pads, onto a double-sided G-10
circuit board where desired. If a change is re-
quired, you can pry the desired pad loose and
glue it in the new location. Grounding is ac-
complished by soldering directly to the ground
plane—keeping the RF circuit ground leads as
short as possible. Feed-through bypass capaci-
tors are used for bypass requirements and DC
power distribution is done on the opposite side
of the board. Figures 4 and 5 show approxi-
mate layouts.

As mentioned before, local oscillator opera-
tion can be checked with a broadcast FM radio,
With the LO operating, the transverter can be
used as a receive converter for initial check of
operation. An FM broadeast receiver (tuned to
the second harmonic) can also be used to moni-
tor the output of the transverter during transmit.

When operating with the transverter, use
your 2 meter rig just as you normally would (in
low power position). Program CTCSS and re-
peater split parameters as required if repeater
operation is intended.

Higher performance can be achieved by
adding receiver and transmit amplification
stages to the transverter. Figure 6 shows one
way that this could be accomplished.

Other Bands

The Simplest Transverter approach can be
applied to other frequency band combinations.
One example of this is shown in Figure 7,
where the Simplest Transverter approach is
used to provide 40 meter capability using a 10
meter transceiver. Of course, the input attenua-
tor value and the low-pass filter characteristics
must be adjusted, as required, for different
power levels and operating frequencies.

Only slightly more complex than a receive
converter, the Simplest Transverter provides
about the simplest way to obtain operation on 6
meters with a 2 meter rig—any mode. This
same approach can be used to obtain similar
results on other ham bands.

Many thanks to all those who've had their
ears abused by my noisy signals during QSOs
while checking out the ability to conduct prac-
tical communications with milliwatt level

transmit power. 73]
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Transverter Parts List

Part Description
Cc1 2-10 pF ceramic trimmer or equivalent
cz2c9.c12 0.1 uF disc ceramic capacitor, 16-20 volis
C3,C8,C10,C11,C14,C16,C17,
C19,C20,C21 0.01 uF disc ceramic capacitor, 16-20 volts
C5 18pF NPO ceramic capacitor, 16-20 volts
Cs 56 pF NPO ceramic capacitor, 16-20 volts
C4,C7,C13,C15,C18 0.001 pF feedthrough
Cc22.C24 56 pF miniature silver-dipped mica
c23 100 pF miniature silver-dipped mica
D1 1N4005 silicon diode
L1 5 lurs no. 28 enameled wire, 0.1" i.d., 0.2" long
L2 0.33 uH miniature RF choke
L3,L4 0.33 to 1.6 uH miniature RF choke
L5Le 0.22 uH air-wound or toroid coil—or miniature choke
R6 560 ohm 1/4 watt carbon film resistor
R7 1,000 chm 1/4 watt carbon film resistor
R8,A11 470 ohm 1/4 watt carbon film resistor
R9,R12 100 ohm 1/4 waltt carbon film resistor
R10 47 ohm 1/4 watl carbon film resistor

R3 100 ohm 1/2 watt carbon film resistor

150 ohm 1/2 watt carbon film resistor

220 ohm 1/2 watt carbon film resistor

2N3563, 2N5179—NPN transistor or equivalent

U1 7805 or equivalent 5 volt regulator

Mini-Circuits Lab MAR-4 MIMIC amplifier

Mini-Circuits Lab MAV-11 MIMIC amplifier

Mini-Circuits Lab TUF-2H double-balanced mixer (also 3H & 1HO
Y1 90 MHz 5th overtone, series resonani-crystal

The Mini-Circuits Labs components can be obtained from M. Lader Co.,
shohocken PA 19428; (215) 825-3177, (800) 442-3177.

The 5th overtone 90 MHz crystal is available from Marden Electronics Co., Inc., 32100 Droster Ave., F.O.
Box 277, Burlington W1 53105; (800) 222-6093. The price is $14, including postage and handling.

1495 Alan Wood Road, Con-

UHF REPEATER

Make high quality UHF repeaters from
GE Master Il mobiles!

= 40 Watt Mobile-Radio only
= Duplexing and tuning information

§199
$12

Versatel Communications
Orders 1-800-456-5548 For info. 307-266-1700

P.O. Box 4012 = Casper, Wyoming 82604
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Where's the Fun?

The 10 meter test had started. and | expected the band
to open abaut the ume | arrived at the motel. Rig and
gel cell were in the trunk. Maxi-J was right beside,
rcﬂ]ed uE nsicle the launcher pail. Room with a view.
Maxi takes off from the balcony sloping down 1o a Iree.
His tai] shps under the door. Aind I'm 59 in Japan. fnta
J-10  J-1% J-17 J-20  J-30 ] Pack
539 s $47 549 89 359 "o
Add S6 Post & Handling USA & Canada $14 others

AntennasWest Order Hotline:

Box 50062-S, Prove UT 84605  800-926-7373
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UTMOST MODIFICATION BIBLE
THE GREATEST IN IT'S
EVEN MORE COMPLETE\ Il
OVER 50 COMPLETE SYNTHESIZED CRYSTAL CHARTS.
OVER 20 ARE PRECALCULATED MODIFICATION CHARTS.
OVER 80 PLL DIAGRAMS. - SCAMNER MOOIFICATION.
OVER 100 MODIFICATIONS FOR PLLCB'S.
OVER 100 HAM RADIC MODIFICATIONS,

055 DESIGN CHARTS.
1-800-256-9895 JUST:
5 PINE MEADOW $29.95
CONROE, TX 77302 CHECK OR MONEY ORDER
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READ MY LINES

“NO HIGH PRICES”

BUY-SELL-TRADE
Call or write for flyer

WOLFE COMMUNICATIONS
1113 Central Avenue
Billings, MT 59102
406-252-9220
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Stretch Beam?

It was Sunday morning of Field Day. The sky to thc
east showed color as -1% meters turned seratchy, [
swilched to 20 CW. There was an SM calling CQ. ?P‘i}

not see if he could hear my 4 watis? He did. ] calle
and worked DL and JA. Noone else was working DX
Funny what happens when vou have a StretchBeam -
S-10 S5-15 S-17 S-20 S-30 S40 o
§49 8§59 969 §79 $89 $99 ;5
Add 6 Post & Handling USA & Canada S14 others
AntennasWest Order Hotline:
Box 30062-S. Prove UT 84605 800-926-7373
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:
| New TNC?  Old 'pro’ who wants fo know more? |
|Shqreﬁ'omthehunds-nnmqnerlmufoﬂ1msu:hmrﬂh :
112 exciling issues only 824 Mentfion 73 and recsive three |
1 bonus issues, Smﬂgeﬂ:nghms?ﬁomycupackmsnuph
SEND PERSONAL CHECK OR MONEY ORDER (LS FUNDS) 004 TO:
Paduthwu' PO Box 189, &:boon.TX?EDQ?'
----------------------------- -l-‘
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